food, high frequency of pregnancy, fatty liver, hyperlipidemia, coronary heart disease and diabetes could increase the risk of gallstones in the first-degree relatives of index patients.
Introduction
Gallstones are a major public health problem in all developed countries. Gallstones are also the most common disease of the biliary system and in most cases are asymptomatic [1] . Gallbladder disease today is a common problem: 20 to 25 million Americans harbor gallstones, representing 10-15% of the adult population [2] . Recent studies indicate a varying prevalence of gallstones with several risk factors in different study populations [3] [4] [5] [6] [7] [8] . Ates et al. [9] reported that there was a higher prevalence of gallstone disease in chronic myelocytic leukemia patients than in healthy controls. Therefore, strategies to reduce the prevalence of gallstones are vital.
Many previous studies [10, 11] have shown that gallstone formation is multifactorial, including constitutional and environmental factors. Some factors, such as diet, activity, rapid weight loss and obesity, are modifiable, whereas others (e.g. age, female gender, genetics and ethnicity) cannot change [10] . In Taiwan, age 1 60 years and diabetes mellitus were risk factors for gallstones among older persons [11] .
Familial and epidemiologic studies demonstrate that genetic susceptibility is important in the formation of gallstones [12] . Occurrence within families can be a product of genetic and shared environmental factors. A better understanding of the risk factors on a familial background may help us to identify patients with gallstones and reduce the risk of gallstones in some patients. Therefore, we conducted a case-control study to identify risk factors associated with gallstones in pedigrees.
Subjects and Methods

Subjects
Thirty-eight gallstone pedigrees were collected. The criterion of familial background was such that there were not less than two patients who were in different generations of consanguinity in one family. This study consisted of 473 participants enrolled between July 2007 and July 2009 at the Department of Surgery, Tianjin Nankai Hospital, and they were distributed in 38 gallstone pedigrees. Among these 473 participants, 272 were the first-degree relatives of index gallstone patients and 201 were non-firstdegree relatives. The 272 first-degree relatives were divided into the case participants, comprising 104 participants with a diagnosis of gallstone, and the control participants, comprising 168 subjects without gallstone. Approval for the study by the Ethics Committee of Tianjin Nankai Hospital and informed consent from all participants were obtained.
Data Collection
Each participant was interviewed in person in the Outpatient Department. Clinical and ultrasonographic examinations were performed and interviews were conducted by trained interviewer. Participants with gallstones were examined by ultrasonography to confirm the diagnosis or had a confirmed cholecystectomy history because of gallstone.
During the interview, all participants were asked to provide information about age, sex, past medical history and other demographic data. They were also asked to describe their food preferences, such as the fat content of the meat they consumed. Drinkers were classified according to the duration of alcohol consumption. Smokers were classified according to the duration of cigarette smoking. Body mass index (BMI, kg/m 2 ) was used as a measurement of obesity. Normal weight was defined as a BMI ! 25 kg/m 2 , overweight as 6 25 kg/m 2 . The presence or absence of hyperlipidemia, fatty liver, hypertension, coronary heart disease and diabetes mellitus was obtained from the medical records. Participants were asked about the date of and age at diagnosis of these diseases.
Statistical Analysis
Data were analyzed by using SPSS 16 (version 20.0.0). Comparison between demographic characteristics of participants was performed using 2 test or Fisher's exact test. Multivariate analysis by unconditional binary logistic regression was used to determine relative risk and 95% CI for risk factors of gallstones.
Results
The prevalence of gallstones was significantly higher in the 272 first-degree relatives of index patient than in the 201 non-first-degree relatives (38.2 vs. 10.9%, p = 0.001). The incidence of gallstones for parents, siblings and offsprings of index patient was 39.2, 44.6 and 18.4%, respectively.
The results of univariate analysis of the participants are shown in table 1 . The prevalence of gallstones in females and males was 42.8 and 31.9%, and there was no significant difference in sex between cases and controls (p 1 0.05). The prevalence of the three age groups was 22.2, 38.0 and 52.8%, respectively. Most cases had a BMI 6 25 kg/m 2 , while most controls had a BMI ! 25 kg/m 2 . The average BMI among the case participants was 25.35 8 3.12, which was significantly higher than that of the control participants (19.85 8 5.01). Age and BMI significantly differed between cases and controls (p ! 0.05). History of smoking, alcohol consumption, gastrointestinal operation and hypertension were not associated with the prevalence of gallstones (p 1 0.05). However, fat content in dietary meat, hyperlipidemia, diabetes mellitus and coronary heart disease showed significant differences between cases and controls (p ! 0.05). As compared to participants without pregnancy, those with 1-2 had a relative risk of 1.2 (95% CI 1.1-1.3) and those with 6 3 had a relative risk of 2.4 (95% CI 1.4-4.2).
The results of multivariate analysis adjusted for age and sex by using unconditional multiple logistic regression are shown in table 2 . History of smoking, alcohol consumption, gastrointestinal operation and hypertension were not associated with gallstones, as with univariate analysis. Participants with a BMI 6 25 kg/m 2 had a higher risk of gallstone disease compared to those with a BMI ! 25 kg/m 2 . Fat content in dietary meat was also positively correlated with a higher prevalence of gallstones. Hyperlipidemia, diabetes, coronary heart disease and fatty liver were all positive risk factors for gallstone disease in the logistic model. These findings in logistic analysis are closely consistent with the results of univariate analysis.
Discussion
Our finding that the prevalence of gallstones was significantly higher in first-degree relatives than in nonfirst-degree relatives of index patients confirmed the notion that genetic factors play a very important role in the pathogenesis of gallstones, and other reports that gallstone disease had an increased frequency in family clusters (about 5 times more common in families of affected persons) [13] . Systemic genome-wide scans in mice from experimental crosses of inbred mouse strains have mapped the 'Lith' loci that increase gallstone susceptibility [14, 15] . A growing number of genetic variants in these genes have been linked to human gallstone disease [16] . Our previous findings indicated that SCP2 might be one of the genetic factors contributing to cholesterol gallstone formation [17] .
The findings in our study confirmed and expanded those of some previous studies that investigated the risk factors of gallstones under un-family background. Female gender was reported to be one of the most important risk factors for gallstone disease, women being almost twice as likely as men to form gallstones [1] . Our results showed that the incidence of gallstones in females was higher than that in males, however there was no statistical significance (p 1 0.05). Pregnancy was related to a higher risk of gallstone disease, which was consistent with the findings of Scragg et al. [18] . A probable explanation is that female sex hormones adversely influence hepatic bile secretion and gallbladder function. Estrogens can increase cholesterol secretion and diminish bile salt secretion. Similarly, progestin functions by reducing bile salt secretion and impairing gallbladder emptying, leading to bile stasis. Gallstone disease is usually rare in neonates and young children, but there is evidence that the incidence of gallstones progressively increases with age. Our finding that age is a risk factor for gallstones confirmed the findings of Maurer et al. [19] in MexicanAmericans, Cuban-Americans and mainland Puerto Ricans, and of Chen et al. [11] in senior citizens of Taiwan. We also found that BMI was positively correlated with the onset of gallstones, and the possible reason was that obesity could lead to increased cholesterol synthesis and secretion of cholesterol into bile; our results confirmed the previous study [20] . We found that neither the period of alcohol consumption nor history of smoking was a risk factor of gallstones, which contradicts previous reports [19, 21] . The possible reason is unclear, maybe this is because they are not direct causal factors for gallstones. Our results showed that more consumption of high-fat foods was tightly associated with a higher risk of gallstones. Misciagna et al. [22] also observed that more highfat diet could increase the risk of gallstones. Genetic variations, especially in genes controlling cholesterol metabolism, presumably underscore why some persons are subject to dietary changes and easily develop cholesterol gallstones [23] . Although dietary factors appear to be associated with gallstones, the link between diet and gallstone formation may not be straightforward. It is generally accepted that gallstone formation is caused by genetic factors along with multiple environmental factors, and interactions between related genes and dietary factors play an important role in the pathogenesis of gallstone formation. Based on our findings, we think that persons with a family background are more susceptible to high-fat diet.
In this study, we found that some diseases, such as fatty liver, hyperlipidemia, coronary heart disease and diabetes, were closely associated with gallstones, which was consistent with some previous studies [24] , but it was not found that hypertension and former gastrointestinal operation could increase the risk of gallstone disease. These four positive risk factors are all related to abnormal lipid metabolism, so this indicates that lipid disorder may be the core part in the pathogenesis of familial gallstone disease.
All diseases which were risk factors for familial gallstones were involved in metabolic problems. The metabolic syndrome was usually defined as a specific body phenotype (abdominal obesity), insulin resistance (type 2 diabetes mellitus) and dyslipidemia, all risks for cardiovascular disease. According to recent reports, all these diseases had hereditary features and family background. It is probable that familial gallstone disease shares some similar genetic backgrounds with these diseases, and some genes targeted to these hereditary disorders might take some effects in the formation of familial gallstones. Therefore, much more research work should be done to elucidate the possible genetic mechanisms in the future.
Conclusion
Our findings indicated that age, overweight, more consumption of high-fat food, high frequency of pregnancy, fatty liver, hyperlipidemia, coronary heart disease and diabetes increased the risk of gallstone disease in the first-degree relatives of index patients.
